The kinetics of the oxidation of aceltaldehyde by acid permanganate has been studied. The reaction is of first order with respect to the aldehyde, the oxidant and hydrogen ion individually. The oxidation does not induce polymerisation of acrylonitrile and show a kinetic isotope effect (&H/AD = 6.1). The activation parameters for the oxidation and enolisation reactions have been evaluated. The rate of enolisation, under similar conditions, is less than that of oxidation. A mechanism involving the transfer of a hydride ion from the aldehyde hydrate to the oxidant has been suggested.
The oxidation of aliphatic aldehydes by permanganate has not received much attention 1 except that of fluoral hydrate 2 . Recently it has been shown that chromic acid oxidations of aliphatic ketones 3 and aldehydes 4 proceed via different mechanistic pathways. The acid permanganate oxidation of ketones is known to involve the enol intermediate 5 . There is a possibility that the aldehydes may also be oxidised via the enol form. The present investigation was taken up to determine the role of enol form in the oxidation.
Results
Product Analysis: Oxidation of acetaldehyde by acid permanganate produces mainly acetic acid, as detected by the characteristic spot test 6 . Estimation of the acid produced showed that reduction of one mole of permanganate by acetaldehyde produces 2.47 moles acetic acid. The overall reaction may be written as follows (eq. 1) 5 CH3CHO + 2 Mn04" + 6 H + 5 CH3COOH + 2 Mn +2 + 3 H20 . (1)
Rate Laws: When the concentration of acetaldehyde and hydrogen ions are in excess the rate of disappearence of permanganate follows first order rate laws. The reaction is also of first order with respect to the aldehyde ( Table 2 . Acidity dependence of the reaction rate.
Induced Polymerisation of Acrylonitrile:
The reaction was carried out in presence of acrylonitrile, under nitrogen. No polymerisation was observed. This strongly indicate that no free radical is formed in the reaction.
Kinetic Isotope Eßect:
The oxidation of acetaldehyde-dj (CH3CDO) by acid permanganate is considerably slower than that of the ordinary compound ( Table 4 . Temperature dependence of the reaction rate.
Rate of Enolisation:
The rate of enolisation was measured by the bromination method. The rate of bromination of acetaldehyde is of zero order to bromine and first order with respect to each the aldehyde and hydrogen ion. 
Discussion
The linear increase in the rate of oxidation with the increase in acidity may well be due to protonation of permanganate anion to give permanganic acid, a more powerful oxidant (eq. 2).
This accords well with the suggestion of STEWART and MOCEK that in the oxidation of fluoral hydrate, in strong acid solution, the active species is permanganic acid 2 . LITTER also suggested a protonation in the pre-equilibrium in the oxidation of cyclohexanol 7 .
A comparison of data of Tables 4 and 5 shows that the oxidation is much faster than the enolisation. Moreover, the energy of activation is more in the enolisation than in the oxidation process. On both these grouds it is concluded that enolisation cannot be a step in the oxidation of acetaldehyde by permanganate.
The results obtained here are consistent with the following rate equation which is very similar to that previously derived for methanol and ethanol 8 .
It has been shown that in chromic acid oxidation, acetaldehyde is oxidised via its hydrate 4 . STEWART and MOCEK 2 also suggested similar intermediate in the oxidation of fluoral. Hence either acetaldehyde hydrate or its simple derivative is the most likely intermediate.
The primary isotope effect clarly indicate that a C -H bond is ruptured in the rate determining step. However, it is far less clear in what form hydrogen is removed. The absence of acrylonitrile polymerisation rules out the possibility of hydrogen abstraction, giving rise to free radicals. KURZ 9 has shown, using STEWART and MOCEK'S data, by a novel approach, that the oxidation of fluoral hydrate 2 by acid permanganate is best represented by a hydride transfer. Moreover, the aldehyde hydrate resembles alcohols so closely in both structure as well as in practically every facet of the oxidation that it is reasonable to expect a similarity in their mode of oxidation as well. It has been recently shown that acid permanganate oxidation of alcohols involves the transfer of a hydride iron from the carbon atom bearing the functional group to the oxidant 8 ' 10 . Thus it is very likely that the oxidation of acetaldehyde by acid permanganate invoves a transfer of a hydride ion as follows:
The existance of manganese (V) as a reaction intermediate is well known.
Experimental
Materials: Acetaldehyde (B.D.H.) was purified by the usual methods. Acetaldehyde-di (CH3CDO) of 98% atomic purity was used. Perchloric acid (E. Merck) was used as a source of hydrogen ions. Ionic strength was kept constant by using sodium Perchlorate. All other chemicals used were chemically pure and used as such.
Product Aanalysis: For quantitative estimation of acetic acid formed, the completely reduced reaction mixture was shaken with ether and the amount of the acid present in ether solution was determined colourimetrically as ferric-hydroximate n .
Kinetic Measurements: In permanganate oxidations, reactions of intermediate valency states of manganese introduce many complications. The oxidation was, therefore, carired out in the presence of large excess of fluoride ions. Fluoride ions are known to suppress the reactivities of Mn(III) and Mn(IV) by complexation.
The reaction was carried out at 25 °C (± 0.05°) unless mentioned otherwise. The concentration of the aldehyde was always in excess to that of permanganate. The reactions were followed both spectrophotometrically and titrimetrically 8 . The rate constants reported are mean of duplicate runs and are correct to + 3%.
The enolisation rates were measured by the method reported earlier 4 .
